INTRODUCTION
circulating endotoxin to polystyrene fibers in an immobilized form (8) . Therefore, the clinical 1 value of polymyxin, an antibiotic discovered six decades ago, is currently being reappraised. To analyze structure-function relationships and to develop improved polymyxins with disruption of pmxE with the cat-kan cassette was confirmed by PCR with primers pmxEdelF and 1 pmxEdelR, which bind to the outer regions of the homologous arm. The pDpmxE fosmid was 2 introduced into P. polymyxa E681 to generate a polymyxin-defective mutant. The mutant was 3 also confirmed by PCR using the pmxEdelF and pmxEdelR primers. Transformation of P. 4 polymyxa was performed according to a previously reported method (7). plasmid into the chromosome of B. subtilis 168, cells were grown in LB medium without 1 5
antibiotics, followed by screening for chlorampenicol-sensitive colonies. BSK1, a resultant 1 6
recombinant strain with a disrupted RM system, was constructed without any marker gene.
0
Integration of the pmx gene cluster into the chromosome of BSK1 was conducted in two steps 1 using fosmid clones, as shown in Fig. 3 . Fosmid PP12B06 containing pmxABCD, a truncated 2 pmxE, and a 5'-flanking region was digested with BamHI, and the DNA fragment containing 3 pmx genes was ligated into the BamHI site of integration plasmid pDG1662 (15) observing reduced surface tension of the culture broth as described in a previous study (26). The GenBank accession number for the polymyxin synthetase gene cluster is EU371992. The domains of the polymyxin synthetase were analyzed based on the method of Ansari The composition of the supernatant of P. polymyxa E681 grown in GSC medium was 1 2
analyzed using an LC/MS system ( Fig. 2A, 2C peaks were observed at 1157, 579, and 386, respectively (Fig. 2C) . The molecular weight of the polymyxin A, and a L-Dab is found in polymyxin M. From the results of domain analysis, we concluded that the polymyxin produced by P. polymyxa E681 is a polymyxin A. Heterologous expression of the pmx gene cluster in B. subtilis
As described in Materials and Methods, a recombinant B. subtilis strain BSK1 having a 1 2 disrupted RM system was constructed, and showed at least 100 times higher transformation shown). For heterologous expression, the entire pmx gene cluster was integrated into the amyE
locus of B. subtilis BSK1 using fosmid clones containing pmx genes. The integration was carried 1 6 out in two steps because no fosmid clone containing the entire pmx gene cluster was present in our fosmid library. The scheme of the integration is shown in Figure 3 . In the first step, a DNA introduced into the BSK3 to construct strain BSK3S. However, the introduction of intact sfp still 1 2 did not induce antibacterial activity (Fig. 4) . We found that the synthetic mechanism of an amino 1 3
acid, Dab, which is a major amino acid in polymyxin, was absent in B. subtilis 168. When Dab
was added extracellularly in growth medium, the antimicrobial activity of strain BSK3S against antibiotics. in Dab-containing medium (Fig. 4) , which suggests that there is no synthetic mechanism of Dab found to be highly conserved, even in a Gram-negative bacterium, Halomonas elongate (43). In
P. polymyxa E681, the amino acid sequence of the ectB homolog shares 51% identity with that of cell. This condition may be favorable to the cell in terms of the synthesis of polymyxin. well-developed surrogate hosts (11, 51, 53 in Escherichia coli K-12 using PCR products. Proc. Natl. Acad. Sci. USA 97:6640-6645. Determination of cell mass and polymyxin using multi-wavelength fluorescence. J.
5
Biotechnol. 121:544-554. Classification Database for membrane transport protein analyses and information. Amino acid specificity 
